freezing. The extent of lipid hydrolysis (free fatty acids) and oxidation (peroxide, 5 thiobarbituric acid reactive substance and fluorescent and browning compound 6 formation) as well as the polyene content were analysed during 3 months of accelerated 7 storage at -10ºC. A marked inhibition (p<0.05) of free fatty acids and tertiary lipid 8 oxidation compounds formation during storage was observed when increasing the 9 pressure level or the pressure holding time of the HHP treatment. However, only minor 10 differences in the polyene index and no effect (p>0.05) in the content of primary and 11 secondary oxidation compounds were observed . 12 13
INTRODUCTION 1
Fish species provide important components to human nutrition but deteriorate 2 rapidly post-mortem unless subjected to an appropriate treatment. Freezing followed by 3 frozen storage constitute one of the best methods to retain sensory and nutritional 4
properties of fish products (Erickson, 1997). However, the presence of highly 5 unsaturated fatty acids and a large content of pro-oxidant molecules can lead to 6 substantial enzymatic and non-enzymatic rancidity strongly influencing product quality (Table 1) . When comparing samples corresponding to the 1 same pressure and holding time values, an increasing (p<0.05) FFA content with frozen 2 storage time was observed for HHP-treated fish. However, at any frozen time 3
considered, the HHP treatments tested caused a remarkable inhibition of FFA formation 4 (Table 1) . Increasing the holding time resulted in a partial inhibition of FFA formation 5 at 300 or 450 MPa while at the lowest pressure level (150 MPa), the inhibitory effect 6 could be observed only after the longest storage time studied (3 months). Concerning 7 the effect of pressure, a significant FFA content decrease was observed by increasing 8 the pressure value applied. This trend was significantly stronger for longer frozen 9 storage times and pressure holding times. 10
Since the three independent variables (pressure, holding time and frozen storage 11 time) showed an important effect on FFA formation, a multifactor ANOVA analysis 12 was necessary to assess their relative influence yielding a significant (p<0.0001) model 13 with an F-value of 60.47. The evaluation of the F-values for the three independent 14 variables confirmed their individual significant effect. Thus, FFA formation was highly 15 affected by frozen storage (F-value = 379.24; p-value probability > F was p ≤ 0.0001), 16 although an important effect of pressure and holding time could also be observed (F-17 value of 72.59 and 23.56, respectively; p-value probability > F were p ≤ 0.0001 in both 18 cases). The correlation value of the model was r 2 = 0.9544 with adjusted and predicted 19 r 2 values of 0.9386 and 0.8836, respectively, and a signal/noise ratio of 26.80. These 20 statistical parameters confirmed that an empirical coded equation could be used to 21 model the effect of HHP pre-treatment and frozen storage time on the FFA formation 22
and is expressed in Figure 1 . 23
Previous research concerning the effect of HHP treatment on FFA formation is 24 scarce and almost unavailable for refrigerated and frozen marine products, respectively. here reported, Ohshima, Nakagawa, and Koizumi (1992) found that enzymatic 10 degradation of phospholipids in cod muscle was successfully inhibited during storage at 11 -2 ºC for 6 days when previously treated at pressures above 400 MPa applied for 15 and 12 30 min. consequently to product quality enhancement. 22
Lipid oxidation development 1
Peroxide formation showed to be very low with values in the 0.17-2.97 score 2 range (Table 2) . Comparison of fresh raw fish and frozen control samples corresponding 3 to month 0 showed a slight increase (p<0.05) as a result of the freezing step; control fish 4 also showed an increasing peroxide value (PV) throughout the frozen storage time. 5 HHP-treated samples showed higher mean values than in raw fish; however, a definite 6 trend concerning the frozen time effect on HHP-treated fish cannot be ascertained 7 (p>0.05) by comparison of samples with the same pressure and holding time. 8 HHP conditions had only minor effects on peroxide formation (Table 2) The BR values were all within the small 0.57-0.79 range (Table 5 ). Values for 7 fresh and frozen control fish showed no effect (p>0.05) of freezing and frozen storage 8 time. Values for HHP-treated fish followed the same trend. Very small differences in 9 the BR value were observed as a result of the pressure and holding time. Multifactor 10 ANOVA analysis confirmed that none of the three variables (frozen storage time, 11 pressure and holding time) exert a significant effect (F-value = 1.33; p-value probability 12 > F of 0.2363) on the BR value. TBARS formation observed in this study were relatively low and this explains the low 20 levels of fluorescence and browning compound formed, observed mostly at the longest 21 frozen storage time when lipid oxidation was most significant. 22
Polyene index evolution 1
Mean PI values of frozen control samples showed no significant effect (p>0.05) 2 of frozen storage time (Table 6 ). Concerning the effect of HHP conditions applied, the 3 one-way ANOVA analysis showed no effect of holding time on the PI value (Table 6) . 4
Mean values for the control fish were lower than their equivalent storage time samples 5 treated at 150, 300 and 450 MPa. Differences were significant for samples at month 3 6 and holding time 2.5 min; however, no significant differences (p>0.05) were found 7 among samples applied different high pressures. 8
The multifactor ANOVA analysis led to an F-value of 4.28, which implied that 9 the model was significant (p-value probability > F of 0.0026). The evaluation of the F-10 values of the different independent variables showed that PI score was mainly affected 11 
